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We show that topological defects in an ion-doped nematic liquid crystal can be used to manipulate
the surface charge distribution on chemically homogeneous, charge-regulating external surfaces,
using a minimal theoretical model. In particular, the location and type of the defect encodes
the precise distribution of surface charges and the effect is enhanced when the liquid crystal is
flexoelectric. We demonstrate the principle for patterned surfaces and charged colloidal spheres.
More generally, our results indicate an interesting approach to control surface charges on external
surfaces without changing the surface chemistry.
The precise distribution of bound electric charges on a
surface, space curve, or a (crystal) lattice, has important
consequences in diverse fields ranging from biology, chem-
istry, and material science. On the (macro)molecular
scale, differences in electronegativity of atoms [1] result in
a heterogeneous electron distribution in molecules which
affects the acidity and, therefore, chemical reactivity of
(organic) functional groups [2]. Surface charge distri-
butions in biological systems can affect protein-protein
and protein-ligand interactions [3–5] and virus assembly
[6, 7]. Similarly, for colloidal particles, heterogeneous sur-
face charge distributions can affect pair interactions [8, 9],
their self-assembly [10–13], and catalytic properties [14]
with direct relevance in applications such as nanoparticle-
based drug delivery [15]. On even larger length scales,
surface charge heterogeneities on flat plates can cause
spatial ion-concentration oscillations [16], influence elec-
trokinetic flow [17, 18], and affect device performance
[19] in polycrystalline batteries [20] or solar cells [21].
In some materials charge modulations can even induce
superconductivity [22, 23] or colossal magnetoresistance
[24]. Overall, as clearly evident from these examples, the
control and manipulation of charge profiles is highly rel-
evant and an open challenge in diverse fields of science
and technology.
Surface charge heterogeneities of ionic or electronic na-
ture, can be realised in various ways. In colloidal science,
a fixed surface charge distribution can be realised with
different-surface charging functionalities on the same par-
ticle, such as patchy particles [25, 26] or Janus particles
[27], whereas charge-heterogeneous flat surfaces can be
manufactured with agents such as micelles [28]. These
type of charge heterogeneities are effectively permanent
and imprinted in the material properties, but they can
also be induced by ion packing [29], dielectric contrast
[30, 31], many-body effects [13], particle shape [32] or
flow [33]. In all these cases the control over the surface
charge distribution is, however, limited.
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500
<latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit><latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit><latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit><latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit>
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<latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit><latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit><latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit><latexit sha1_base64="VA93+jtzn4RAafCh8J9YVTO4EsA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoseAF48RzQOSJcxOepMh s7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcKGFVZiO9XI4lBiKxzdzvzWE2ojEvVoxykGMRsoEQnOrJMerijtlSu0Sucgq8TPSQVy1Hvlr24/4VmMynLJjOn4NLXBhGkruMRpqZsZTBkfsQF2HFUsRhNM5qdOyZ lT+iRKtCtlyVz9PTFhsTHjOHSdMbNDs+zNxP+8Tmajm2AiVJpZVHyxKMoksQmZ/U36QiO3cuwI41q4WwkfMs24demUXAj+8surpHlR9WnVv7+s1Gp5HEU4gVM4Bx+uoQZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AVwGjSs=</latexit>
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<latexit sha1_base64="XBxQ4uALeS3XpKMZzu7DddPIPNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEUo8FLx4r2g9oQ9lsJ+3S zSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoV5zB+WKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+ TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e6vK41GHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP2arjTI=</latexit><latexit sha1_base64="XBxQ4uALeS3XpKMZzu7DddPIPNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEUo8FLx4r2g9oQ9lsJ+3S zSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoV5zB+WKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+ TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e6vK41GHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP2arjTI=</latexit><latexit sha1_base64="XBxQ4uALeS3XpKMZzu7DddPIPNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEUo8FLx4r2g9oQ9lsJ+3S zSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoV5zB+WKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+ TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e6vK41GHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP2arjTI=</latexit><latexit sha1_base64="XBxQ4uALeS3XpKMZzu7DddPIPNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEUo8FLx4r2g9oQ9lsJ+3S zSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoV5zB+WKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+ TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e6vK41GHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP2arjTI=</latexit>
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<latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit><latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit><latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit><latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit>
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<latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit><latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit><latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit><latexit sha1_base64="laiNT8Yjwm5nl1oE83R/K0FJn1c=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcFLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVjc2t7p7pb29s/ODyqH590TJJpyto0EYnuRcQwwRVrW24F66WaERkJ1o2md4XffWLa8EQ92lnKQknGisecEltIPsZ4WG/gJl4ArRO/JA0o0RrWvwajhGaSKUsFMabv49SGOdGWU8HmtUFmWErolIxZ31FFJDNhvrh1ji 6cMkJxol0pixbq74mcSGNmMnKdktiJWfUK8T+vn9n4Nsy5SjPLFF0uijOBbIKKx9GIa0atmDlCqObuVkQnRBNqXTw1F4K/+vI66Vw1fdz0H64bQVDGUYUzOIdL8OEGAriHFrSBwgSe4RXePOm9eO/ex7K14pUzp/AH3ucPxCeNYQ==</latexit>
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<latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit><latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit><latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit><latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit>
1500
<latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit><latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit><latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit><latexit sha1_base64="opPol+Z6t8JN8gul/Ek4yyp40wM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKRY8FLx4r2A9ol5JNs21o kl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLfgPjYbWG63gBtE78gtSgQGtY/RqMYppKpiwVxJi+jxMbZERbTgWbVwapYQmhUzJmfUcVkcwE2eLWOb pwyghFsXalLFqovycyIo2ZydB1SmInZtXLxf+8fmqj2yDjKkktU3S5KEoFsjHKH0cjrhm1YuYIoZq7WxGdEE2odfFUXAj+6svrpHNV93Hdf7iuNZtFHGU4g3O4BB9uoAn30II2UJjAM7zCmye9F+/d+1i2lrxi5hT+wPv8AcvFjWY=</latexit>
x [nm]
<latexit sha1_base64="5wWjoadVieE9ymUZS97mOn3LZmg=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTLEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8wevapOt</latexit><latexit sha1_base64="5wWjoadVieE9ymUZS97mOn3LZmg=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTLEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8wevapOt</latexit><latexit sha1_base64="5wWjoadVieE9ymUZS97mOn3LZmg=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTLEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8wevapOt</latexit><latexit sha1_base64="5wWjoadVieE9ymUZS97mOn3LZmg=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTLEM/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8wevapOt</latexit>
y [nm]
<latexit sha1_base64="5We4nH+Cb/POGoA5EiM+mDrlfPk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbcuKxgH9C EMplO2qEzkzAzKYTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98yJUs608bxvZ2Nza3tnt7ZX3z84PDp2T067OskUoR2S8ET1I6wpZ5J2DDOc9lNFsYg47UXT+9LvzajSLJFPJk9pKPBYspgRbKw0dN08QINAYDNRopBiHg7dhtf0FkDrxK9IAyq0h+5XMEpIJqg0hGOtB 76XmrDAyjDC6bweZJqmmEzxmA4slVhQHRaL5HN0aZURihNlnzRoof7eKLDQOheRnSwz6lWvFP/zBpmJ78KCyTQzVJLloTjjyCSorAGNmKLE8NwSTBSzWRGZYIWJsWXVbQn+6pfXSfe66XtN//Gm0WpVddTgHC7gCny4hRY8QBs6QGAGz/AKb07hvDjvzsdydMOpds7 gD5zPH7D9k64=</latexit><latexit sha1_base64="5We4nH+Cb/POGoA5EiM+mDrlfPk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbcuKxgH9C EMplO2qEzkzAzKYTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98yJUs608bxvZ2Nza3tnt7ZX3z84PDp2T067OskUoR2S8ET1I6wpZ5J2DDOc9lNFsYg47UXT+9LvzajSLJFPJk9pKPBYspgRbKw0dN08QINAYDNRopBiHg7dhtf0FkDrxK9IAyq0h+5XMEpIJqg0hGOtB 76XmrDAyjDC6bweZJqmmEzxmA4slVhQHRaL5HN0aZURihNlnzRoof7eKLDQOheRnSwz6lWvFP/zBpmJ78KCyTQzVJLloTjjyCSorAGNmKLE8NwSTBSzWRGZYIWJsWXVbQn+6pfXSfe66XtN//Gm0WpVddTgHC7gCny4hRY8QBs6QGAGz/AKb07hvDjvzsdydMOpds7 gD5zPH7D9k64=</latexit><latexit sha1_base64="5We4nH+Cb/POGoA5EiM+mDrlfPk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbcuKxgH9C EMplO2qEzkzAzKYTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98yJUs608bxvZ2Nza3tnt7ZX3z84PDp2T067OskUoR2S8ET1I6wpZ5J2DDOc9lNFsYg47UXT+9LvzajSLJFPJk9pKPBYspgRbKw0dN08QINAYDNRopBiHg7dhtf0FkDrxK9IAyq0h+5XMEpIJqg0hGOtB 76XmrDAyjDC6bweZJqmmEzxmA4slVhQHRaL5HN0aZURihNlnzRoof7eKLDQOheRnSwz6lWvFP/zBpmJ78KCyTQzVJLloTjjyCSorAGNmKLE8NwSTBSzWRGZYIWJsWXVbQn+6pfXSfe66XtN//Gm0WpVddTgHC7gCny4hRY8QBs6QGAGz/AKb07hvDjvzsdydMOpds7 gD5zPH7D9k64=</latexit><latexit sha1_base64="5We4nH+Cb/POGoA5EiM+mDrlfPk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUQEXRbcuKxgH9C EMplO2qEzkzAzKYTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98yJUs608bxvZ2Nza3tnt7ZX3z84PDp2T067OskUoR2S8ET1I6wpZ5J2DDOc9lNFsYg47UXT+9LvzajSLJFPJk9pKPBYspgRbKw0dN08QINAYDNRopBiHg7dhtf0FkDrxK9IAyq0h+5XMEpIJqg0hGOtB 76XmrDAyjDC6bweZJqmmEzxmA4slVhQHRaL5HN0aZURihNlnzRoof7eKLDQOheRnSwz6lWvFP/zBpmJ78KCyTQzVJLloTjjyCSorAGNmKLE8NwSTBSzWRGZYIWJsWXVbQn+6pfXSfe66XtN//Gm0WpVddTgHC7gCny4hRY8QBs6QGAGz/AKb07hvDjvzsdydMOpds7 gD5zPH7D9k64=</latexit>
z [ m]
<latexit sha1_base64="5k4ZqY7d/v/3YsHRFJfc1aHukIs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTKEO/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8weykJOv</latexit><latexit sha1_base64="5k4ZqY7d/v/3YsHRFJfc1aHukIs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTKEO/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8weykJOv</latexit><latexit sha1_base64="5k4ZqY7d/v/3YsHRFJfc1aHukIs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTKEO/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8weykJOv</latexit><latexit sha1_base64="5k4ZqY7d/v/3YsHRFJfc1aHukIs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZcFNy4r2Ad Mh5JJM21okhmSTKEO/RM3LhRx65+482/MtLPQ1gOBwzn3ck9OlHKmjed9O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtN7gq/O6VKs0Q+mllKQ4FHksWMYGOlges+9VHQF9iMlcilmIcDt+41vAXQOvFLUocSrYH71R8mJBNUGsKx1 oHvpSbMsTKMcDqv9TNNU0wmeEQDSyUWVIf5IvkcXVhliOJE2ScNWqi/N3IstJ6JyE4WGfWqV4j/eUFm4tswZzLNDJVkeSjOODIJKmpAQ6YoMXxmCSaK2ayIjLHCxNiyarYEf/XL66Rz1fC9hv9wXW82yzqqcAbncAk+3EAT7qEFbSAwhWd4hTcnd16cd+djOVpxyp1 T+APn8weykJOv</latexit>
w
<latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit><latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit><latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit><latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit>
w
<latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit><latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit><latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit><latexit sha1_base64="ylDOInrYkCNwIGVvSbZIGe0Znaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEsMeCF48t2A9oQ9lsJ+3azSbsbpQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yq uwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXS vqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4bOM8Q==</latexit>
h
<latexit sha1_base64="tznJ5l2ae4xkmpo8iX0nAmXub7k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazIsV9yq uwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR1P+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3S ual6btVr3VYa9TyOIlzAJVyDBzVowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AyveM4g==</latexit><latexit sha1_base64="tznJ5l2ae4xkmpo8iX0nAmXub7k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazIsV9yq uwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR1P+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3S ual6btVr3VYa9TyOIlzAJVyDBzVowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AyveM4g==</latexit><latexit sha1_base64="tznJ5l2ae4xkmpo8iX0nAmXub7k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazIsV9yq uwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR1P+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3S ual6btVr3VYa9TyOIlzAJVyDBzVowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AyveM4g==</latexit><latexit sha1_base64="tznJ5l2ae4xkmpo8iX0nAmXub7k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazIsV9yq uwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IR1P+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3S ual6btVr3VYa9TyOIlzAJVyDBzVowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AyveM4g==</latexit>
Charge-regulating charged
patterned surface with
strong anchoring
<latexit sha1_base64="jldGald6Rex1Evl17RuCj92QIFU=">AAACLHicdVDBahsxFNQmaZtu2sZNj7mI mEAvNZIPiXML+NJjCnUScIx5q327FtFKi/Q2xZh8UC75lULpoaHkmu+I1nGhLe2AYJiZx9ObrDY6kBB3ydr6xrPnLzZfpluvXr/Z7rzdOQ2u8QpHyhnnzzMIaLTFEWkyeF57hCozeJZdDlv/7Ap90M5+pnmNkwpKqwutgKI0 7QyHM/AlfvBYNiZqtuRqqeRpWgMReos5D40vQCH/ommWpoG8izmwauZ8nJh2uqInhJBS8pbIwwMRydHRoC8HXLZWRJetcDLtfLvInWoqtKQMhDCWoqbJAjxpZfA6vWgC1qAuocRxpBYqDJPF8thrvh+VnBfOx2eJL9XfJxZQ hTCvspisgGbhb68V/+WNGyoGk4W2dUNo1dOiojGcHG+b47n2qMjMIwHldfzrsipQsaSQxhJ+Xcr/T077PSl68lO/ezxY1bHJdtkee88kO2TH7CM7YSOm2A37yn6wu+Q2+Z78TO6fomvJauYd+wPJwyN1wKhU</latexit><latexit sha1_base64="jldGald6Rex1Evl17RuCj92QIFU=">AAACLHicdVDBahsxFNQmaZtu2sZNj7mI mEAvNZIPiXML+NJjCnUScIx5q327FtFKi/Q2xZh8UC75lULpoaHkmu+I1nGhLe2AYJiZx9ObrDY6kBB3ydr6xrPnLzZfpluvXr/Z7rzdOQ2u8QpHyhnnzzMIaLTFEWkyeF57hCozeJZdDlv/7Ap90M5+pnmNkwpKqwutgKI0 7QyHM/AlfvBYNiZqtuRqqeRpWgMReos5D40vQCH/ommWpoG8izmwauZ8nJh2uqInhJBS8pbIwwMRydHRoC8HXLZWRJetcDLtfLvInWoqtKQMhDCWoqbJAjxpZfA6vWgC1qAuocRxpBYqDJPF8thrvh+VnBfOx2eJL9XfJxZQ hTCvspisgGbhb68V/+WNGyoGk4W2dUNo1dOiojGcHG+b47n2qMjMIwHldfzrsipQsaSQxhJ+Xcr/T077PSl68lO/ezxY1bHJdtkee88kO2TH7CM7YSOm2A37yn6wu+Q2+Z78TO6fomvJauYd+wPJwyN1wKhU</latexit><latexit sha1_base64="jldGald6Rex1Evl17RuCj92QIFU=">AAACLHicdVDBahsxFNQmaZtu2sZNj7mI mEAvNZIPiXML+NJjCnUScIx5q327FtFKi/Q2xZh8UC75lULpoaHkmu+I1nGhLe2AYJiZx9ObrDY6kBB3ydr6xrPnLzZfpluvXr/Z7rzdOQ2u8QpHyhnnzzMIaLTFEWkyeF57hCozeJZdDlv/7Ap90M5+pnmNkwpKqwutgKI0 7QyHM/AlfvBYNiZqtuRqqeRpWgMReos5D40vQCH/ommWpoG8izmwauZ8nJh2uqInhJBS8pbIwwMRydHRoC8HXLZWRJetcDLtfLvInWoqtKQMhDCWoqbJAjxpZfA6vWgC1qAuocRxpBYqDJPF8thrvh+VnBfOx2eJL9XfJxZQ hTCvspisgGbhb68V/+WNGyoGk4W2dUNo1dOiojGcHG+b47n2qMjMIwHldfzrsipQsaSQxhJ+Xcr/T077PSl68lO/ezxY1bHJdtkee88kO2TH7CM7YSOm2A37yn6wu+Q2+Z78TO6fomvJauYd+wPJwyN1wKhU</latexit><latexit sha1_base64="jldGald6Rex1Evl17RuCj92QIFU=">AAACLHicdVDBahsxFNQmaZtu2sZNj7mI mEAvNZIPiXML+NJjCnUScIx5q327FtFKi/Q2xZh8UC75lULpoaHkmu+I1nGhLe2AYJiZx9ObrDY6kBB3ydr6xrPnLzZfpluvXr/Z7rzdOQ2u8QpHyhnnzzMIaLTFEWkyeF57hCozeJZdDlv/7Ap90M5+pnmNkwpKqwutgKI0 7QyHM/AlfvBYNiZqtuRqqeRpWgMReos5D40vQCH/ommWpoG8izmwauZ8nJh2uqInhJBS8pbIwwMRydHRoC8HXLZWRJetcDLtfLvInWoqtKQMhDCWoqbJAjxpZfA6vWgC1qAuocRxpBYqDJPF8thrvh+VnBfOx2eJL9XfJxZQ hTCvspisgGbhb68V/+WNGyoGk4W2dUNo1dOiojGcHG+b47n2qMjMIwHldfzrsipQsaSQxhJ+Xcr/T077PSl68lO/ezxY1bHJdtkee88kO2TH7CM7YSOm2A37yn6wu+Q2+Z78TO6fomvJauYd+wPJwyN1wKhU</latexit>
Uncharged surface
with weak anchoring
(e.g. homeotropic)
<latexit sha1_base64="2FjjLZLLdU12e+JBfY9M+cNyqFg=">AAACJHicdVBNSxxBEO3RfJjJh6s55tJk CZjL0L0HXclFyMWjgawK67LU9NbMNtvTPXTXKMvij/HiX/GSg4l48OJvSY9uIAnJg4LHe1VU1ctrowMJcZesrD55+uz52ov05avXb9Y7G5uHwTVe4UA54/xxDgGNtjggTQaPa49Q5QaP8tnn1j86RR+0s19pXuOogtLqQiug KI07nwZWTcGXOOGh8QUo5Gl6pmnKzxBmHKLrvLZlmm5hVmZ86ip05F2t1cdxpysyIYSUkrdE7myLSHZ3+z3Z57K1IrpsiYNx58fJxKmmQkvKQAhDKWoaLcCTVgbP05MmYA1qBiUOI7VQYRgtHp485x+iMuGF87Es8Qf194kF VCHMqzx2VkDT8LfXiv/yhg0V/dFC27ohtOpxUdEYTo63ifGJ9qjIzCMB5XW8lbeRgaKYaxpD+PUp/z857GVSZPJLr7vXX8axxt6x92yLSbbD9tg+O2ADptgFu2LX7HtymXxLbpLbx9aVZDnzlv2B5P4nzpOjpA==</latex it><latexit sha1_base64="2FjjLZLLdU12e+JBfY9M+cNyqFg=">AAACJHicdVBNSxxBEO3RfJjJh6s55tJk CZjL0L0HXclFyMWjgawK67LU9NbMNtvTPXTXKMvij/HiX/GSg4l48OJvSY9uIAnJg4LHe1VU1ctrowMJcZesrD55+uz52ov05avXb9Y7G5uHwTVe4UA54/xxDgGNtjggTQaPa49Q5QaP8tnn1j86RR+0s19pXuOogtLqQiug KI07nwZWTcGXOOGh8QUo5Gl6pmnKzxBmHKLrvLZlmm5hVmZ86ip05F2t1cdxpysyIYSUkrdE7myLSHZ3+z3Z57K1IrpsiYNx58fJxKmmQkvKQAhDKWoaLcCTVgbP05MmYA1qBiUOI7VQYRgtHp485x+iMuGF87Es8Qf194kF VCHMqzx2VkDT8LfXiv/yhg0V/dFC27ohtOpxUdEYTo63ifGJ9qjIzCMB5XW8lbeRgaKYaxpD+PUp/z857GVSZPJLr7vXX8axxt6x92yLSbbD9tg+O2ADptgFu2LX7HtymXxLbpLbx9aVZDnzlv2B5P4nzpOjpA==</latex it><latexit sha1_base64="2FjjLZLLdU12e+JBfY9M+cNyqFg=">AAACJHicdVBNSxxBEO3RfJjJh6s55tJk CZjL0L0HXclFyMWjgawK67LU9NbMNtvTPXTXKMvij/HiX/GSg4l48OJvSY9uIAnJg4LHe1VU1ctrowMJcZesrD55+uz52ov05avXb9Y7G5uHwTVe4UA54/xxDgGNtjggTQaPa49Q5QaP8tnn1j86RR+0s19pXuOogtLqQiug KI07nwZWTcGXOOGh8QUo5Gl6pmnKzxBmHKLrvLZlmm5hVmZ86ip05F2t1cdxpysyIYSUkrdE7myLSHZ3+z3Z57K1IrpsiYNx58fJxKmmQkvKQAhDKWoaLcCTVgbP05MmYA1qBiUOI7VQYRgtHp485x+iMuGF87Es8Qf194kF VCHMqzx2VkDT8LfXiv/yhg0V/dFC27ohtOpxUdEYTo63ifGJ9qjIzCMB5XW8lbeRgaKYaxpD+PUp/z857GVSZPJLr7vXX8axxt6x92yLSbbD9tg+O2ADptgFu2LX7HtymXxLbpLbx9aVZDnzlv2B5P4nzpOjpA==</latex it><latexit sha1_base64="2FjjLZLLdU12e+JBfY9M+cNyqFg=">AAACJHicdVBNSxxBEO3RfJjJh6s55tJk CZjL0L0HXclFyMWjgawK67LU9NbMNtvTPXTXKMvij/HiX/GSg4l48OJvSY9uIAnJg4LHe1VU1ctrowMJcZesrD55+uz52ov05avXb9Y7G5uHwTVe4UA54/xxDgGNtjggTQaPa49Q5QaP8tnn1j86RR+0s19pXuOogtLqQiug KI07nwZWTcGXOOGh8QUo5Gl6pmnKzxBmHKLrvLZlmm5hVmZ86ip05F2t1cdxpysyIYSUkrdE7myLSHZ3+z3Z57K1IrpsiYNx58fJxKmmQkvKQAhDKWoaLcCTVgbP05MmYA1qBiUOI7VQYRgtHp485x+iMuGF87Es8Qf194kF VCHMqzx2VkDT8LfXiv/yhg0V/dFC27ohtOpxUdEYTo63ifGJ9qjIzCMB5XW8lbeRgaKYaxpD+PUp/z857GVSZPJLr7vXX8axxt6x92yLSbbD9tg+O2ADptgFu2LX7HtymXxLbpLbx9aVZDnzlv2B5P4nzpOjpA==</latex it>
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(Flexoelectric)
nematic
electrolyte
<latexit sha1_base64="2ur1MEBkaCcP1tMuA9+vpLsbp8I=">AAACDnicdVBNSwMxEM3Wr7p+VT16CRZB LyXpwW5vgiAeK1gVainZdNqGZpMlyYql+Au8+Fe8eFDEq2dv/huztoKKPgg83puZzLw4lcI6Qt6Dwszs3PxCcTFcWl5ZXSutb5xZnRkOTa6lNhcxsyCFgqYTTsJFaoAlsYTzeHiY++dXYKzQ6tSNUmgnrK9ET3DmvNQp7ewe SbjWIIE7I/heGCpIvMfDcKJpOXLQKZVJhRBCKcU5obV94km9HlVphGlueZTRFI1O6e2yq3mWgHJcMmtblKSuPWbGT5ZwE15mFlLGh6wPLU8VS8C2x5/n3OAdr3RxTxv/lMOf6veOMUusHSWxr/SrDuxvLxf/8lqZ60XtsVBp 5kDxyUe9TGKncZ4N7grjT5YjTxg3wu+K+YAZxp1PMPQhfF2K/ydn1QolFXpSLR9E0ziKaAtto11EUQ0doGPUQE3E0S26R4/oKbgLHoLn4GVSWgimPZvoB4LXDz+qm5Y=</latexit><latexit sha1_base64="2ur1MEBkaCcP1tMuA9+vpLsbp8I=">AAACDnicdVBNSwMxEM3Wr7p+VT16CRZB LyXpwW5vgiAeK1gVainZdNqGZpMlyYql+Au8+Fe8eFDEq2dv/huztoKKPgg83puZzLw4lcI6Qt6Dwszs3PxCcTFcWl5ZXSutb5xZnRkOTa6lNhcxsyCFgqYTTsJFaoAlsYTzeHiY++dXYKzQ6tSNUmgnrK9ET3DmvNQp7ewe SbjWIIE7I/heGCpIvMfDcKJpOXLQKZVJhRBCKcU5obV94km9HlVphGlueZTRFI1O6e2yq3mWgHJcMmtblKSuPWbGT5ZwE15mFlLGh6wPLU8VS8C2x5/n3OAdr3RxTxv/lMOf6veOMUusHSWxr/SrDuxvLxf/8lqZ60XtsVBp 5kDxyUe9TGKncZ4N7grjT5YjTxg3wu+K+YAZxp1PMPQhfF2K/ydn1QolFXpSLR9E0ziKaAtto11EUQ0doGPUQE3E0S26R4/oKbgLHoLn4GVSWgimPZvoB4LXDz+qm5Y=</latexit><latexit sha1_base64="2ur1MEBkaCcP1tMuA9+vpLsbp8I=">AAACDnicdVBNSwMxEM3Wr7p+VT16CRZB LyXpwW5vgiAeK1gVainZdNqGZpMlyYql+Au8+Fe8eFDEq2dv/huztoKKPgg83puZzLw4lcI6Qt6Dwszs3PxCcTFcWl5ZXSutb5xZnRkOTa6lNhcxsyCFgqYTTsJFaoAlsYTzeHiY++dXYKzQ6tSNUmgnrK9ET3DmvNQp7ewe SbjWIIE7I/heGCpIvMfDcKJpOXLQKZVJhRBCKcU5obV94km9HlVphGlueZTRFI1O6e2yq3mWgHJcMmtblKSuPWbGT5ZwE15mFlLGh6wPLU8VS8C2x5/n3OAdr3RxTxv/lMOf6veOMUusHSWxr/SrDuxvLxf/8lqZ60XtsVBp 5kDxyUe9TGKncZ4N7grjT5YjTxg3wu+K+YAZxp1PMPQhfF2K/ydn1QolFXpSLR9E0ziKaAtto11EUQ0doGPUQE3E0S26R4/oKbgLHoLn4GVSWgimPZvoB4LXDz+qm5Y=</latexit><latexit sha1_base64="2ur1MEBkaCcP1tMuA9+vpLsbp8I=">AAACDnicdVBNSwMxEM3Wr7p+VT16CRZB LyXpwW5vgiAeK1gVainZdNqGZpMlyYql+Au8+Fe8eFDEq2dv/huztoKKPgg83puZzLw4lcI6Qt6Dwszs3PxCcTFcWl5ZXSutb5xZnRkOTa6lNhcxsyCFgqYTTsJFaoAlsYTzeHiY++dXYKzQ6tSNUmgnrK9ET3DmvNQp7ewe SbjWIIE7I/heGCpIvMfDcKJpOXLQKZVJhRBCKcU5obV94km9HlVphGlueZTRFI1O6e2yq3mWgHJcMmtblKSuPWbGT5ZwE15mFlLGh6wPLU8VS8C2x5/n3OAdr3RxTxv/lMOf6veOMUusHSWxr/SrDuxvLxf/8lqZ60XtsVBp 5kDxyUe9TGKncZ4N7grjT5YjTxg3wu+K+YAZxp1PMPQhfF2K/ydn1QolFXpSLR9E0ziKaAtto11EUQ0doGPUQE3E0S26R4/oKbgLHoLn4GVSWgimPZvoB4LXDz+qm5Y=</latexit>
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Figure 1. Scheme of a nematic cell with a patterned, charge-
regulating bottom plate and an uncharged top plate. The cell
is filled with a (non)flexoelectric nematic electrolyte. We show
an example of a pattern discussed in the main text, and for
selective values of z the associated director pattern as green
rods obtained from numerical calcularions. In this example,
the top plate exhibits a surface (boojum) defect.
In this Letter, we show that topological defects in ion-
doped nematic fluids can be used to manipulate and
spatially control the surface charge density of charge-
regulating external surfaces, using a minimal numerical
model. The position of topological defects in nematic
fluids can be controlled by an external field, geometry
and/or material flow, and the defects can be of diverse
forms, from points, loops, networks to even knots and
solitons [34–44], which we use in selected geometries. As
the first geometry, we explore nematic cells consisting of
parallel flat plates with a homogeneous charging func-
tionality, but with an inhomogeneous surface (anchor-
ing) imposed director pattern that generates surface or
bulk topological defects. Today, such patterned surfaces
can be experimentally realised with techniques such as
photolitography [45, 46] or metasurfaces [47]. Secondly,
we consider charged spherical colloidal particles in ne-
matic electrolytes, and show that the surrounding topo-
logical defect breaks the spherical symmetry of the sur-
face charge causing a surface charge inhomogeneity. In
both examples, we also show that the topological-defect
induced charge heterogeneity is further enhanced if the
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(a)
<latexit sha1_b ase64="15ExEL9vFF4mqPPpuoRUA yFFsHU=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ EfY2e8mSvb1jd04IR36CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSKFQdf9d gobm1vbO8Xd0t7+weFR+fikbeJUM 95isYx1N6CGS6F4CwVK3k00p1Ege SeY3M79zhPXRsTqEacJ9yM6UiIUjK KVHqr0clCuuDV3AbJOvJxUIEdzUP 7qD2OWRlwhk9SYnucm6GdUo2CSz0r 91PCEsgkd8Z6likbc+Nni1Bm5sMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2 qNxf/83ophtd+JlSSIldsuShMJcGY zP8mQ6E5Qzm1hDIt7K2EjammDG06 JRuCt/ryOmnXa55b8+7rlcZNHkcRz uAcquDBFTTgDprQAgYjeIZXeHOk8 +K8Ox/L1oKTz5zCHzifP4gLjUg=< /latexit><latexit sha1_b ase64="15ExEL9vFF4mqPPpuoRUA yFFsHU=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ EfY2e8mSvb1jd04IR36CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSKFQdf9d gobm1vbO8Xd0t7+weFR+fikbeJUM 95isYx1N6CGS6F4CwVK3k00p1Ege SeY3M79zhPXRsTqEacJ9yM6UiIUjK KVHqr0clCuuDV3AbJOvJxUIEdzUP 7qD2OWRlwhk9SYnucm6GdUo2CSz0r 91PCEsgkd8Z6likbc+Nni1Bm5sMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2 qNxf/83ophtd+JlSSIldsuShMJcGY zP8mQ6E5Qzm1hDIt7K2EjammDG06 JRuCt/ryOmnXa55b8+7rlcZNHkcRz uAcquDBFTTgDprQAgYjeIZXeHOk8 +K8Ox/L1oKTz5zCHzifP4gLjUg=< /latexit><latexit sha1_b ase64="15ExEL9vFF4mqPPpuoRUA yFFsHU=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ EfY2e8mSvb1jd04IR36CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSKFQdf9d gobm1vbO8Xd0t7+weFR+fikbeJUM 95isYx1N6CGS6F4CwVK3k00p1Ege SeY3M79zhPXRsTqEacJ9yM6UiIUjK KVHqr0clCuuDV3AbJOvJxUIEdzUP 7qD2OWRlwhk9SYnucm6GdUo2CSz0r 91PCEsgkd8Z6likbc+Nni1Bm5sMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2 qNxf/83ophtd+JlSSIldsuShMJcGY zP8mQ6E5Qzm1hDIt7K2EjammDG06 JRuCt/ryOmnXa55b8+7rlcZNHkcRz uAcquDBFTTgDprQAgYjeIZXeHOk8 +K8Ox/L1oKTz5zCHzifP4gLjUg=< /latexit><latexit sha1_b ase64="15ExEL9vFF4mqPPpuoRUA yFFsHU=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ EfY2e8mSvb1jd04IR36CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSKFQdf9d gobm1vbO8Xd0t7+weFR+fikbeJUM 95isYx1N6CGS6F4CwVK3k00p1Ege SeY3M79zhPXRsTqEacJ9yM6UiIUjK KVHqr0clCuuDV3AbJOvJxUIEdzUP 7qD2OWRlwhk9SYnucm6GdUo2CSz0r 91PCEsgkd8Z6likbc+Nni1Bm5sMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2 qNxf/83ophtd+JlSSIldsuShMJcGY zP8mQ6E5Qzm1hDIt7K2EjammDG06 JRuCt/ryOmnXa55b8+7rlcZNHkcRz uAcquDBFTTgDprQAgYjeIZXeHOk8 +K8Ox/L1oKTz5zCHzifP4gLjUg=< /latexit>
(b)
<latexit sha1_base64="A3/nS2rLohv9Q9aqPU4UtET9Omk=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7 +weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrB5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkx Pc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCW Va2FsJG1NNGdp0SjYEb/XlddKu1zy35t3XK42bPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCJkI1J</latexit><latexit sha1_base64="A3/nS2rLohv9Q9aqPU4UtET9Omk=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7 +weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrB5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkx Pc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCW Va2FsJG1NNGdp0SjYEb/XlddKu1zy35t3XK42bPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCJkI1J</latexit><latexit sha1_base64="A3/nS2rLohv9Q9aqPU4UtET9Omk=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7 +weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrB5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkx Pc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCW Va2FsJG1NNGdp0SjYEb/XlddKu1zy35t3XK42bPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCJkI1J</latexit><latexit sha1_base64="A3/nS2rLohv9Q9aqPU4UtET9Omk=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd04IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7 +weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrB5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkx Pc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCW Va2FsJG1NNGdp0SjYEb/XlddKu1zy35t3XK42bPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCJkI1J</latexit>
(c)
<latexit sha1_base64="BnImUGcxlpqBLXqmBu/x3UJlWp0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd0 4IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrsclCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TG Y2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcquDBFTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4sVjUo=</latexit><latexit sha1_base64="BnImUGcxlpqBLXqmBu/x3UJlWp0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd0 4IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrsclCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TG Y2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcquDBFTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4sVjUo=</latexit><latexit sha1_base64="BnImUGcxlpqBLXqmBu/x3UJlWp0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd0 4IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrsclCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TG Y2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcquDBFTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4sVjUo=</latexit><latexit sha1_base64="BnImUGcxlpqBLXqmBu/x3UJlWp0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2e8mSvb1jd0 4IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHqrsclCuuDV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TG Y2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcquDBFTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4sVjUo=</latexit>
(d)
<latexit sha1_b ase64="56gJyIaRJK/92Y3IMa12k d7+Gsk=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ Efb29pIle3vH7pwQQn6CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSqFQdf9d gobm1vbO8Xd0t7+weFR+fikbZJMM 95iiUx0N6CGS6F4CwVK3k01p3Ege ScY3879zhPXRiTqEScp92M6VCISjK KVHqrh5aBccWvuAmSdeDmpQI7moP zVDxOWxVwhk9SYnuem6E+pRsEkn5X 6meEpZWM65D1LFY258aeLU2fkwio hiRJtSyFZqL8npjQ2ZhIHtjOmODK r3lz8z+tlGF37U6HSDLliy0VRJgkm ZP43CYXmDOXEEsq0sLcSNqKaMrTp lGwI3urL66Rdr3luzbuvVxo3eRxFO INzqIIHV9CAO2hCCxgM4Rle4c2Rz ovz7nwsWwtOPnMKf+B8/gCMmo1L< /latexit><latexit sha1_b ase64="56gJyIaRJK/92Y3IMa12k d7+Gsk=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ Efb29pIle3vH7pwQQn6CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSqFQdf9d gobm1vbO8Xd0t7+weFR+fikbZJMM 95iiUx0N6CGS6F4CwVK3k01p3Ege ScY3879zhPXRiTqEScp92M6VCISjK KVHqrh5aBccWvuAmSdeDmpQI7moP zVDxOWxVwhk9SYnuem6E+pRsEkn5X 6meEpZWM65D1LFY258aeLU2fkwio hiRJtSyFZqL8npjQ2ZhIHtjOmODK r3lz8z+tlGF37U6HSDLliy0VRJgkm ZP43CYXmDOXEEsq0sLcSNqKaMrTp lGwI3urL66Rdr3luzbuvVxo3eRxFO INzqIIHV9CAO2hCCxgM4Rle4c2Rz ovz7nwsWwtOPnMKf+B8/gCMmo1L< /latexit><latexit sha1_b ase64="56gJyIaRJK/92Y3IMa12k d7+Gsk=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ Efb29pIle3vH7pwQQn6CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSqFQdf9d gobm1vbO8Xd0t7+weFR+fikbZJMM 95iiUx0N6CGS6F4CwVK3k01p3Ege ScY3879zhPXRiTqEScp92M6VCISjK KVHqrh5aBccWvuAmSdeDmpQI7moP zVDxOWxVwhk9SYnuem6E+pRsEkn5X 6meEpZWM65D1LFY258aeLU2fkwio hiRJtSyFZqL8npjQ2ZhIHtjOmODK r3lz8z+tlGF37U6HSDLliy0VRJgkm ZP43CYXmDOXEEsq0sLcSNqKaMrTp lGwI3urL66Rdr3luzbuvVxo3eRxFO INzqIIHV9CAO2hCCxgM4Rle4c2Rz ovz7nwsWwtOPnMKf+B8/gCMmo1L< /latexit><latexit sha1_b ase64="56gJyIaRJK/92Y3IMa12k d7+Gsk=">AAAB6nicbVA9SwNBEJ2 LXzF+RS1tFoMQm3CXRsugjWVE8wHJ Efb29pIle3vH7pwQQn6CjYUitv4i O/+Nm+QKTXww8Hhvhpl5QSqFQdf9d gobm1vbO8Xd0t7+weFR+fikbZJMM 95iiUx0N6CGS6F4CwVK3k01p3Ege ScY3879zhPXRiTqEScp92M6VCISjK KVHqrh5aBccWvuAmSdeDmpQI7moP zVDxOWxVwhk9SYnuem6E+pRsEkn5X 6meEpZWM65D1LFY258aeLU2fkwio hiRJtSyFZqL8npjQ2ZhIHtjOmODK r3lz8z+tlGF37U6HSDLliy0VRJgkm ZP43CYXmDOXEEsq0sLcSNqKaMrTp lGwI3urL66Rdr3luzbuvVxo3eRxFO INzqIIHV9CAO2hCCxgM4Rle4c2Rz ovz7nwsWwtOPnMKf+B8/gCMmo1L< /latexit>
(e)
<latexit sha1_base64="RDCeR7e4d6AcqCsVQwFVQRFxHtU=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2c8mSvb1jd08IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb3 9g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQxUvB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXu eW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoU xxeythY6ooMzadkg3BW315nbTrNc+teff1SuMmj6MIZ3AOVfDgChpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH44fjUw=</latexit><latexit sha1_base64="RDCeR7e4d6AcqCsVQwFVQRFxHtU=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2c8mSvb1jd08IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb3 9g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQxUvB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXu eW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoU xxeythY6ooMzadkg3BW315nbTrNc+teff1SuMmj6MIZ3AOVfDgChpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH44fjUw=</latexit><latexit sha1_base64="RDCeR7e4d6AcqCsVQwFVQRFxHtU=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2c8mSvb1jd08IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb3 9g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQxUvB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXu eW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoU xxeythY6ooMzadkg3BW315nbTrNc+teff1SuMmj6MIZ3AOVfDgChpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH44fjUw=</latexit><latexit sha1_base64="RDCeR7e4d6AcqCsVQwFVQRFxHtU=">AAAB6 nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsugjWVE8wHJEfY2c8mSvb1jd08IR36CjYUitv4iO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb3 9g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQxUvB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXu eW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoU xxeythY6ooMzadkg3BW315nbTrNc+teff1SuMmj6MIZ3AOVfDgChpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH44fjUw=</latexit>
(f)
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Bulk line defect
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Figure 2. Topological-defect induced surface charge heterogeneity on the bottom plate with constant surface potential Φ0 = −1,
in case of (a)-(c) no flexoelectricity G = 0 and (d)-(f) qeG = 10 pC m
−1. The top plate has homeotropic anchoring with a surface
defect for W = 10−3 J m−2 [(a),(d)] or a bulk −1/2 line defect for W = 10−2 J m−2 [(b),(e)], which results in inhomogeneous
diffuse net ionic charge densities ρe(r) (colormap). The proximity and type of defect result also in an inhomogeneous surface
charge qeσ [(c),(f)], where dashed lines indicate the surface-defect case and full lines the bulk line defect case.
nematic is flexoelectric, meaning that a local elastic dis-
tortion in the orientational order of the nematic fluid
causes a local electric polarisation [48–51]. More gener-
ally, this work shows that by designing and manipulating
the surface or bulk topological defects in nematic elec-
trolytes, one could realise and controllably tune diverse
-possibly arbitrary- surface charge profiles.
An inhomogeneous surface charge profile is first
demonstrated in the geometry of a standard nematic cell
as shown in Fig. 1, which consists of two parallel flat
plates, but each with different surface anchoring: the top
surface is assumed to impose homogeneous homeotropic
anchoring, whereas the bottom surface is set to impose
the indicated patterned anchoring. The cell is filled with
a nematic electrolyte, characterised by tensorial order pa-
rameter Q(r) [52], and positive and negative monovalent
ions with densities ρ±(r). The top plate (z = h) is un-
charged, whereas the bottom plate (z = 0) is charged,
with surface charge density qeσ(r), and qe the proton
charge. The top and bottom surface impose an inhomo-
geneous nematic (director) profile – both at the surface
and in the nematic bulk, that even includes a surface
or a bulk defect –, which causes the development of an
inhomogeneous electrostatic potential φ(r)/(βqe), with
β−1 = kBT the thermal energy. The ion distributions
are given within the mean-field approximation by the
Boltzmann distributions ρ±(r) = ρs exp[∓φ(r)], with ρs
as the reservoir salt concentration, to write the modified
Poisson-Boltzmann equation as [53],
∇·
[(
I+
2
3
ma
¯
Q
)
· ∇φ− 4piλBPf
]
= κ2 sinhφ, (1)
with I the unit tensor, ma the molecular dielectric
anisotropy, ¯ the rotationally averaged dielectric ten-
sor, λB the isotropic Bjerrum length, and we used the
single-constant approximation for the flexoelectric (and
order electric) polarisation qePf = qeG∇ ·Q, with qeG
the molecular flexoelectric constant. Finally, κ−1 =
(8piλBρs)
−1/2 is the isotropic (reference) Debye screening
length. We use typical values of thermotropic nematics
¯ ∼ 10 [54], with κ−1 between 102 and 103 nm (bulk ion
densities of 10−8 − 10−6 M) [55–58], where the nonelec-
trostatic contribution of the ions can be approximated to
behave as an ideal gas [59].
The electrostatics is fully coupled to the nematic Q
tensor profile given by the minimum of the total free en-
ergy, where the balance between nematic elasticity, flex-
oelectricity, and dielectric anisotropy gives the following
equation for Q [53]:
βL∇2Q+G∇⊗∇φ+ 
a
m
12piλB ¯
∇φ⊗∇φ =[
βA+ βCtr(Q2)
]
Q+ βBQ2, (2)
with L the nematic elastic constant (within the single-
constant approximation) and Landau-de Gennes bulk pa-
rameters A, B, and C. For all these parameters, we
take the values corresponding to standard nematic liq-
uid crystals, like 5CB [53], unless stated otherwise. The
overline defines the traceless part of the tensor, e.g.,
A = A − (trA)I/3 for an arbitrary 3 × 3 tensor A [60].
Eqs. (1) and (2) are akin to models of dilute electrolytes
in binary fluid-fluid mixtures with ions coupled to the
fluid composition profile [31, 61–63]. Note, that in our
3approach we generalise and solve this model for nematic
electrolytes with the full nematic tensorial order param-
eter, dielectric anisotropy, and flexoelectricity included.
The charge at the bottom plate is caused by the ad-
or desorption of ions [64] from the nematic fluid on spe-
cific chemical groups located on this surface, where we
assume the bottom plate to be chemically homogeneous
in the sense that these chemical groups are identical over
the entire surface and homogeneously distributed. Now
the local surface charge depends on the local ion concen-
tration; therefore, any inhomogeneity in the ion concen-
tration will lead to an inhomogeneous surface charge. We
will show that such inhomogeneities can be realised by an
inhomogeneous nematic Q-tensor profile. We model the
bottom plate as a constant-potential plate with bound-
ary condition φ(x, y, 0) = Φ0, being the simplest form
of a charge-regulating electrostatic boundary condition,
with Φ0 as the surface-imposed constant potential. The
surface charge profile σ can then be evaluated by the
normal component of the dielectric displacement,
σ = −νˆ ·
[(
I+
2
3
ma
¯
Q
)
· ∇φ/(4piλB)−G∇ ·Q
]
, (3)
with νˆ as an outward pointing unit normal vector, and
assuming no electric fields are generated inside the bot-
tom plate.
Although, we assume that chargeable chemical groups
are homogeneously distributed, the bottom plate is pat-
terned in terms of the nematic anchoring, imposing a
fixed orientational director pattern nB . We assume
strong anchoring conditions for the bottom plate, and
set Q = QBwith Seq the equilibrium (bulk) value of the
scalar order parameter, and no surface-imposed biaxial-
ity. Specifically, we consider the one-dimensional pattern
nB = (sin(xpi/w), cos(xpi/w), 0), (4)
periodic in x with period w, and a top plate with
homeotropic anchoring strength W [65]. Note that we
consider periodic surface imposed anchoring patterns,
but -in view of the mechanism for the creation of sur-
face charge heterogeneities- they could also be realised
with nonperiodic and even random patterns.
Fig. 2 shows the topological-defect induced surface
charge heterogeneity as generated by the introduced sur-
face anchoring pattern [Eq. (4)] obtained from numeri-
cal calculations with the finite-element software package
COMSOL Multiphysics. For smaller anchoring [Fig. 2(a)
and Fig. 1], the nematic structure exhibits a a surface de-
fect line, whereas for stronger anchoring [Fig. 2(b)], the
defect evolves into a -1/2 defect line along the y direction.
For no flexoelectricity (G = 0), the diffuse ionic screening
cloud ρe(r) = ρ+(r)− ρ−(r) is translational invariant in
y but not in x and z, and is more extended at fixed κ−1
in the case of the bulk line defect. However, the most
striking observation is that not only the screening cloud
(a)
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Figure 3. Two-dimensional in-plane nematic distortion for
the generation of surface charge heterogeneities. Topological
defects are shown in green (S < 0.48) for (a) close to bottom
surface at z = 10 nm and (b) top surface at z = 750 nm. (c)
Three-dimensional isosurfaces of S = 0.48 indicate the loca-
tion of the line defects. Structure is for parameters w = 1500
nm and h = 750 nm. The top plate has weak planar degen-
erate anchoring conditions with W d1 = W
d
2 = 10
−5 J m−2.
(d,e) Surface charge distributions at κ−1 = 250 nm and fixed
surface potential Φ0 = −1 with (d) the nematic being not
flexoelectric (G = 0) and in (e) with qeG = 10 pC m
−1.
is affected by the location of the defect, but also the sur-
face charge density, see Fig. 2(c), which becomes strongly
peaked around the location of the defect when the defect
approaches the bottom plate; compare dashed (surface
defect) with full (bulk defect) lines, and this behaviour is
robust also for varying screening length κ−1. This result
clearly highlights, that surface charges can be induced
by manipulating topological defects, such as by bringing
a nematic defect closer to the surface. The overall in-
crease in σ upon decreasing κ−1 can be understood from
the Grahame equation [66], σ = sinh (Φ0/2) /(2piλBκ
−1),
which is an exact result for isotropic solvents and infinite-
plate separation, but turns out to be a reasonable esti-
mate in calculating the average surface charge density
even for the nematic case [53].
Flexoelectricicty in a nematic electrolyte has a further
4major effect on the diffuse ion cloud [67] and in turn on
the surface charge heterogeneity. Figs. 2(d-e) show that
the surface charge profile at the bottom plate σ becomes
more inhomogeneous as the result of flexoelectricity [Fig.
2(f)], and bringing the defect closer to the bottom sur-
face results in a local minimum in σ rather than a local
maximum [compare to Fig. 2(c)]. The trend with vary-
ing κ−1 is similar as for G = 0 for the average surface
charge density. The manipulation of surface charges by
topological defects is robust with respect to the type of
charge-regulating boundary condition, as charge locali-
sation around topological defects is observed also if we
assume an ion-dissociation boundary condition on the
bottom plate, see [53].
To generalise, the key requirement for realising surface
charge heterogeneities, is that the director component
perpendicular to the surface has a gradient which varies
across the surface. We demonstrate this requirement in
a cell with a patterned bottom plate of the form
nB =
(sin(xpi/w), sin(ypi/w), 0)√
sin2(xpi/w) + sin2(ypi/w)
, (5)
and planar degenerate anchoring at the top cell surface
z = h, with W d1 the in-plane anchoring strength, and
W d2 the surface-ordering anchoring strength [68]. Such
a nematic cell has a strictly inplane (xy) director field
(nz = 0), see Figs. 3(a)-(b) for bottom and top plate
profiles. In Fig. 3(c), we show the three-dimensional
structure of the nematic defect lines, with +1 defects
in the corners and in the centre of the unit cell, and −1
defects in the center of each edge of the cell for z = 0. The
±1 defects split further away from the bottom surface
into two ±1/2 defects. For no flexoelectricity G = 0, we
find a roughly homogeneous surface charge distribution
[Fig. 3(d))], whereas for the flexoelectric case G 6= 0
gradients in the electrostatic potential and gradients in
S lead to an inhomogeneous surface charge distribution,
with positive peaks around the defects. We find that the
absence of director field gradients perpendicular to the
surface leads to much weaker -but now twodimensional-
control of the surface charge by topological defects, in
contrast to the one-dimenensional pattern of Eq. (4).
As the third system, we show that even homogeneous
charging functionalised surfaces with homogeneous an-
choring conditions can result in surface charge hetero-
geneities due to topological defects, emergent from the
geometry and topology of the surface. The simplest sys-
tem where this occurs is a charged colloidal sphere with
homeotropic (perpendicular) anchoring, immersed in a
homogeneous nematic with far-field director in the z di-
rection. Such charged spheres have only been theoreti-
cally investigated in the absence of ions and charge regu-
lation [69]. Depending on the particle size, a saturn-ring
defect is formed (small particles) or a point defect (large
particles), to compensate the distortion imposed by the
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Figure 4. Heterogeneous surface charge distributions qeσ of a
constant-potential colloidal sphere (Φ0 = −1) with dielectric
constant p = 2 and strong anchoring conditions in a nematic
electrolyte with κ−1 = 100 nm. (a) For G = 0, we show the
surface charge profile in the case of the nematic Saturn ring
defect (full line, particle radius rp = 250 nm) or the point
defect (dashed line, particle radius rp = 1000 nm). In (b) we
show the enhancement of the surface charge heterogeneity by
flexoelectricity with qeG = 10 pC m
−1.
particle, see the insets of Fig. 4 [70, 71]. For particle
radius rp = 250 nm, we see in Fig. 4(a) that an inho-
mogeneous surface charge σ is induced with two maxima
and a minimum exactly at the equator for G = 0 for the
Saturn-ring defect, with an amplitude that is relatively
small compared to the average. For nonzero flexoelectric-
ity G 6= 0, the amplitudes of the surface charge are en-
hanced and a maximum positive charge density is found
at the equator (although Φ0 < 0). For the point defect,
(e.g. rp = 1 µm), we find similar to the Saturn-ring de-
fect a minimum of relatively small amplitude close to the
location of the defect. This amplitude is enhanced for
G > 0 and the minimum turns into a maximum. These
results show that particles of diverse shapes and topolo-
gies in nematic electrolytes could possibly realise diverse
and highly heterogeneity-rich surface charge profiles.
The major experimental challenge for exploring the
defect-induced surface charge heterogeneities, is how to
directly measure the surface charge distribution, rather
than indirectly by e.g. considering the effective pair po-
tential (colloidal particles) or disjoining pressure (flat
plates). Most surface charge measurements rely on mea-
suring the total surface charge, rather than the distribu-
tion, such as with titration [72] or electrophoresis [73], al-
though there are a few cases where heterogeneities could
still be assessed with these methods [74–76]. Other meth-
ods rely on flow [33, 77], or atomic-force microscopy [78],
but interpreting the results in these nematic systems
might require additional mathematical modelling [79].
Furthermore, fluorescence-based techniques might offer a
versatile route to locally probe the surface charge [80, 81].
Finally, we mention surface plasmon resonance imaging,
which is a promising probe-free spectroscopic technique
that can map out the electric double layer [82, 83].
5On the theoretical side we neglected effects that be-
come more prevalent at high ion densities and/or lower
¯, such as Bjerrum pairs [59, 84, 85], steric effects [86–
88], and ion-specific interactions [89], that are all well
investigated for isotropic solvents but not for nematic
electrolytes. Furthermore, explicit ion dependence of the
dielectric tensor, flexoelectric coefficients, and the liquid-
crystal bulk phase behaviour are all relevant effects that
deserve further study, as well as higher-order dipolar cor-
rections to the Poisson-Boltzmann equation [90]. Fur-
thermore, the presented results are relevant for lyotropic
systems, which also exhibit dielectric anisotropy [91] and
flexoelectricity [92]. Likely, lower Debye lengths in ly-
otropics could be reached than in thermotropics because
they are often water based and, therefore, have a higher
ion solvability. Lyotropic building blocks can be colloidal
particles of various designed shape and charge, therefore
we envisage that lyotropics can have ion-tunable flexo-
electricity and dielectric anisotropy, similar to the ion-
and charge-tuning of the elastic constants of charged hard
rods [93].
In conclusion, our results show that topological defects
in nematic electrolytes can be used to control and ma-
nipulate surface charges in a broad and extensive way,
which can be further enhanced by the effects of flexoelec-
tricity. Our work has clear relevance for the self-assembly
of charged colloidal particles in liquid crystals [38], but
also on the performance of liquid-crystal-based devices,
such as nematic-based electric double layer capacitors or
nematic microfluidic applications [94]. Likely equally rel-
evant, this work can be relevant for biological systems
and active matter, where topological defects are known
to have a prime role in their dynamic behaviour; in com-
bination with charges this could lead to phenomena such
as dynamic or active surface charge regulation.
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